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Hydrogen Fire Detection System Features Sharp 


Discrimination 


I 1 



The problem : 

To design a system that will detect hydrogen fires 
quickly and with high reliability plus freedom from 
false alarms. 

The solution: 

A system that detects the flickering ultraviolet 
(UV) radiation emitted by the OH molecule, a short- 
lived intermediate combustion product found in hy- 
drogen air flames. In a space application, the system 
discriminates against false signals from sunlight and 

rocket engine exhaust plume radiation. 
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This document was prepared under the sponsorship of the National 
Aeronautics and Space Administration. Neither the United States 
Government nor an) person acting on behalf of the United States 


How it's done: 

The system consists of a radiometer unit and 
signal processing circuitry. The radiometer unit con- 
tains quartz entrance optics, UV and visible filters, 
and UV and visible detectors with their preampli- 
fiers. The signal processing circuitry is made up of 
three major logic subsystems: an Oil flicker detector, 
a sun discriminator, and a rocket engine exhaust 
plume discriminator. The OH flicker detector circuit 
registers ‘True’' only when viewing radiation flickering 
at appropriate frequencies, i.e., in the spectral region 
of OH UV emission from 2600 to 3200 angstroms. 


Government assumes anv liability re>u!ting from the use of thi 
information contained in this document, or warrants that such i>e 
will be free from privately owned rights. 


Unmodulated sunlight is rejected by the OH flicker 
detector circuit. Rejection of the exhaust plume radia- 
tion is made by comparison of intensities in two tem- 
poral (frequency) regions at a single spectral point. 
The signal levels at the two frequencies are compared 
by a bridge and the plume discrimination circuit indi- 
cates a “false” signal for incident plume radiation. 

Signals from the three signal processing circuits are 
applied to the “And” gate, which indicates “firc”only 
when all three subsystems give a “true” signal. A 
“fire” signal gales the fire size indicator whose out- 
put is proportional to the intensity of the modulated 
OH radiation. 

Notes: 

1. Although developed primarily for use in space 
hardware, this detection system could find use 
wherever hydrogen is manufactured, used, or 
stored. 


2. Inquiries concerning this invention may be di- 
rected to: 

Technology Utilization Officer 
Marshall Space Flight Center 
Huntsville, Alabama 35812 
Reference: B66- 10368 

Patent status: 

Inquiries about obtaining rights for the commercial 
use of this invention may be made to NASA, Code 
GP, Washington, D.C. 20546. 

Source: Clark S. Bright 
of North American Aviation, Inc. 

under contract to 
Marshall Space Flight Center 
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This form is to be completed for each innovation used in NASA work. DEFINITION: for the purpose of thia torn, the term INNO- 
VATION is defined as *M means of accomplishing a work objective cither more effectively than before, or for the first time.. 9 * The 
term includes the development, invention, discovery, modification or new unc of ft device, process, material, system, or technique 

1. INNOVATION CREDITED TO (Indii idual(s), organisation) 

Clark L Br iflh t, North Atr.n ri can A v ia t i o n ± Inc . 

2. NAME OF INNOVATION JdATE FIRST USED 

Dete c tion of ‘H ydrogen Fire s b y Ultra violet OH Flic ker Radi ation | 

3. DESCRIPTION OF INNOVATION (i ; resent use, Jb) functional details, (c)un usual 1 ignificant dimensions , fc) "quantito* 

tive comparison to supers eded means , (f) environmental factors that affect use, (g) cost , if significant.) ( See Note A on reverse.) 

See attached disclosure 65R192 
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<. SUGGESTED APPLICATIONS (Include those that would be feasible if the innovation were modified.) (See Note D on reverse .) 

Detection of hydrogen fires vhere system must discriminate against solar 
and infrared radiation. 
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[Doecrlbe(l) eoch now rosuit obtained by rbo invention, (?) basic camper, snt*, ingredient*, or step* which ere* 
cc.ribinvd to obtain such rurulta, end (3) tin operation of iho cc r.npoaftnfs, ole,, which obtain each result*. 
Provide sketches or flow diagrams if helpful in understanding tho invention.] 

A breadboard fire detection wystota for the upper ota&aa of tho &atura vchiclo v/aa 
developed undor contract numb or KA&3-11656 with J15J3A, IISI'C. Tho coal of tho firo 
fiDfcoction oystero ia to detect hydrogen firo© in tho nionilo rapidly and vith high 
reliability and freedom from falsa dums« The basis of the Byoteir^o operation is 
tho dotootion of the flickering ultraviolet (uv) radiation emitted by the OH molecule* 
a short-lived intermediate combustion product found in hydrogen-air flameso Tbs 
principal technical innoYationo are tho nothods of diacri. ination against false 
oignalo from sunlight end tho J~2 rocket engine exhaust plur.o radiation© 


The primary v\ee of the fire detection system uould bo in detecting hydrogen fuel 
fix'oo in tiicnilca end around rookot engine statio test standee The system could 
also bo adapted to detecting hydrogen firea in locations where hydrogen is 
nanufeoturod, used, or stored. Direct applications to other fire detection problems, 
could bn undo ns long as tho fires to ba detected oirlt strong OH radiation, as, for 
osanplCf hydrocarbon-air fires© In general, the principles used in the ©yoton can bo 
applied to x:oat firo dotootion needs, provided tho appropriate spectral and frequency 
ohrjracturiotics of tho fires are knoirao 


V 


There have been a number of firo detectors developed. £hich dotsot tho radiation 
ccittod by fires (seo, for example, Ecfs. 1-6). Most of these systems detect tho 
infrared cniocion, and ©one only tho tir.e varying components of tho infrared 
radiation. However, at least two companies, ninnoopoliG^Honeywoll and licGraw-Editjon, 
Eanufaoturo UV-consitivo firo datocticn ©yotomo, Kens of these systems employs 
rolinblo rcethoda of discrimination ©.gainst J-2 engine exhaust radiation or tins- 
varying solar radiation, whether at the earth 1 © surface or outride tha atuospharoo 

Tho firo detection oysten is composed of a radiomotor unit and a signal processing 
unit (nco d Lc.gron)* The ra&ionoter unit contains quarts entrance optica, U7 and 
visible filtors, and U7 and visible dotsetorn vith th 3 ir preassplifioro. Tho ©ignol 
processing unit oontaino throo major logio subByotoim (l) the OH flickor 
dotoctor, ( 2 ) tho turn discriminator, and (3) the rockot engino exhaust pluno 
diBCriainator© 

Th« OH flicker detector cubaysten registers "true*" cnly when viewing radiation 
flickering at appropriate frequencies in tho spectral region of 03 UV omission 
(260CV-3200 X). Unmodulated sunlight is rejeo tod tho OH flicker detootor ^ / y 
eubsystorio . ’ h & / ' 
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NORTH AMERICAN AVIATION, INC. 



Invention Diiclorcro 

DESCRIPTION OF INVENTION DocW Ho. 
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[Describe(l) ooch now result obtoinod by tho invention, (2) basic components, ingrudi onts, or steps which ore 
combined to obtoin such results, ond (3) tho oporotion of tho components, etc., which obtoin such results. 

Provido sketches or flow diagrams if helpful in understanding the invention.] 
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The technique of discrimination against tino-vnrying solar radiation, e.g. nodulated 
by atmospheric turbulence or by reflection from a vibrating missile part, in’ tho 
"two-color" method, This method in basically tho comparison of intensities in two 
spectral regions, in this case one in the UV and the other in the visible region* 

The ratios of those intensities are different for hydrogen flame radiation and 
sunlight* In the system, the outputs of appropriately filtered UY and visible 
detectors aro compared by means of a bridge network* The do toe ti on of modulated 
sunlight results in a "false" signal indication from tho sun discriminator, whereas 
hydrogen fire radiation results In a. "true" signal indication* Note that, because 
of tho bridge comparison technique, a small hydrogen fire will cause a "fire" 
indication even in tho presence of modulated sunlight. 

Discrimination against the J-2 exhaust radiation is accomplished by a two-frequency 
tvj'bhniquo analogous to the two-color tochniquo. Tho two-color technique cannot be 
applied to plume discrimination boccuao tho spoctral fadiation characteristics of 
the plume and of hydrogen fires aro quite similar* The two-frequenev method is the 
comparison of intensities in two temporal (frequency)' regions at a single spectral 
region* The flicker frequency characteristics of tho J-2 plume and hydrogen flames 
wore found to be dissimilar, so that the two sources can bo reliably distinguished 
by this method. In the plume discrimination subsystem, the signal from the UV 
detector is amplified and separately filtered at the two frequencies. The signal 
levels at tine two frequencies are compared by a bridge, Vfnen the appropriate 
frequencies (pass bands) and bridge ratio are set, the plume discrimination subsystems 
indicates a "false” signal for incident plume radiation and a "true" signal for 
incident flame radiation. Again, the bridge technique allows detection of a fire 
in the presence of engine exhaust plume radiation* 


The signals from the throe subsystems are applied to the "And" gate. The output 
from the "And" gate will indicate "fire" only when all three subsystems give a 
"true" signal. The "fire" signal gates tho firo sizo indicator; tho fire size 
output is proportional to the intensity of tho modulated OH radiation. 


The fire detection system is undergoing furthejr development, 
form Kay be somewhat different from that described hero; 


Therefore, its final 
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DESCRIPTION OF INVENTION 


Invention D?jclo»me 
Doclcot No, *3 /> / /' 


[Doscribe(l) eoch new result obtained by tho invention, (2) baiic components, ingredients, cr stops which ere 
combined to obtain such rosulls, and (3) tho operation of the components, e 4 c., which obtain such results. 
Provide sketches or flow diagrams if holpful in understanding th? invention.] 
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GEORGE C. MARSHALL SPACE FLIGHT CENTER 
HUNTSVI Ll-E , ALABAMA 


Memorandum 


TO 


FROM 



DATE January 24, 1966 


Technology Utilization Office. MS-T 


Subject Marshall Flash Sheet Number M-FS- 643 


It is requested that the patent status of the above identified 
innovation be supplied on the attached information sheet. 


Technology i tepr c s c h t a tT ve" 


M3FC - Ftarm 488 (August I960) 
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TECHNOLOGY UTILIZATION OFFICE 
MARSHALL SPACE FLIGHT CENTER 
Huntsville, Alabama 

INNOVATION: DETECTION OF HYDROGEN FIRES BY ULTRAVIOLET OH FLICKER RADIATION 

SOURCE: New Technology Report, Contract NAS8-11656 

PATENT STATUS 

(Indicate by filling in or checking the applicable blanks) 

NASA Case No. MSFC Branch No. 

I. PATENT ISSUED: N o X Yes 

A, Patent Number 

B, Government Title 

C . Government License 

D. No Government Rights 

. . II. PATENT APPLIED FOR: N o Y Yes 

A, Employee Inventions 

1. Government Title 

2. Government License 

3. No Government Rights 

4. Government Rights Unknown 

B. Contractor Inventions 

1. Government Title 

2. Government License (Title Waiver Granted) 

3. Title Waiver Pending 

4. Government Rights Unknown 
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III, PATENT NOT APPLIED FOR 


A. Patentability 

1. Very Good Possibility 

2 . Maybe 



3. None _ — 

4 , Unknown ' 

B. Government Intention 

1. To file a patent application _____ 

2. Not to file a patent application _ 

3. Indefinite at this tlni^s 

C. Employee Inventions 

1. ~ Government Title 

2. Government License 

3. No Government Rights | 

4. Government Rights undecided 

f*. Employee interested in filing a patent application 

D. Contractor Inventions 


1. Government Title X 


2, Government License (Title Waiver Gi'anted) 


3. Title V/aiver Pending 


4, Government Rights unknown _ 
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